Three coordination polymers, [ML 2 (H 2 O) 2 ] (M = Co (1), Ni (2), Mn (3)), were prepared from metal acetates (M(CH 3 COO) 2 ·4H 2 O) and 3−pyridinepropionic acid (HL = (3-py)-CH 2 CH 2 COOH) by solvent-layer methods. By contrast, a discrete molecular compound, trans-[Pd(HL) 2 Cl 2 ] (4), was synthesized by replacing benzonitrile (PhCN) ligands in trans-[Pd(PhCN) 2 Cl 2 ] with HL under microwave-heating conditions. Compounds 1-3 have a 2D framework, and compound 4 contains a square-planar Pd metal.
Introduction
Coordination polymers are currently under intensive study because of their remarkable applications to various fields, including luminescence, catalysis, host-guest chemistry, magnetism, conductivity, biomedicine, molecular adsorptiondesorption, and gas storage. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Bis(pyridy)-or multicarboxylate-type linking ligands are typically employed for the preparation of coordination polymers. [11] [12] [13] Our research group continually reported several linking ligands containing pyridyl-pyridyl, pyridyl-amine, furan-furan, or thiophenethiophene terminals and their coordination polymers.
14-31
Recently, several asymmetric linking ligands, in terms of different terminal groups such as carboxylate and pyridyl or imidazole, were utilized to create intriguing coordination polymers, especially those containing both d-and f-block metals within their frameworks. [32] [33] [34] [35] [36] [37] [38] [39] [40] Consistent with the HSAB (hard-soft acid-base) concept, the relatively softer N-terminal is coordinated to the d-block metal, and the relatively harder O-terminal is bound to the f-block metal in such polymers. Since 2010, our group has prepared a couple of pyridyl-carboxylate-type asymmetric linking ligands (L1-L6 in Chart 1) and their coordination polymers.
41-48
Coordination polymers are commonly prepared by various heating methods such as hydrothermal, hydro(solvo)thermal, solvothermal, and reflux methods, which typically require long reaction times. To overcome such vigorous conditions, microwave was recently employed to quickly bring about high heating effects. [49] [50] [51] [52] [53] [54] [55] [56] [57] For example, Filipe's group utilized microwave-heating to synthesize lanthanide coordination polymers. 50 In addition, Zheng and co-workers prepared 3d− 4f polynuclear metal clusters under microwave-heating conditions. 54 We also reported on the microwave-assisted preparation of Ag-4f 42 O (2 mL) was sealed in a 10 mL reusable highperformance reaction vial. The mixture was microwaveheated at 70 °C for 1 h, and then slowly air-cooled. The resulting yellow crystals were filtered, washed with H2O (10 mL × 3) and ethanol (10 mL × 3), and then dried under vacuum to give compound 4 (10 mg, 0.124 mmol, 61% X-Ray Structure Determination. All X-ray data were collected with a Bruker Smart APEX2 diffractometer equipped with a Mo X-ray tube (CCRF).
60 Absorption corrections were made by SADABS on the basis of the Laue symmetry of equivalent reflections. 61 All calculations were carried out with SHELXTL programs. ) were used for crystal-and intensity-data collection. All structures were solved by direct methods.
All non-hydrogen atoms in both compounds were refined anisotropically. In compound 3, the hydrogen atoms in the aqua ligands were located and refined freely, and the remaining hydrogen atoms were generated in idealized positions and refined in a riding model. In compound 4, all hydrogen atoms were generated in idealized positions and refined in a riding model. Details on crystal data, intensity collection, and refinement details are given in Table 1 . Selected bond lengths and bond angels are given in Table 2 . 
Results and Discussion
Preparation. As mentioned in Introduction, our research group previously prepared a 2D cadmium coordination polymer by employing HL and Cd(NO 3 ) 2 ·6(H 2 O) under hydrothermal conditions. 48 On the basis of this result, a mixture of a metal acetate tetrahydrate M(CH 3 COO) 2 ·4H 2 O and HL in water was heated at 170 °C for 48 h in the presence of NaOH. However, these reactions did not produce crystalline products for X-ray diffraction study, and therefore our synthetic strategy was changed from the hydrothermal method to the solvent-layering method.
Compounds 1-3 were synthesized by layering a methanol solution containing a metal acetate to an aqueous solution containing HL and NaOH. All products were obtained as crystals in relatively high yield (74-87%) (eq. 1), and characterized by IR, elemental analysis, and single X-ray crystallography.
M(CH
Compounds 1 and 2 were previously prepared in the presence of NaOH under hydrothermal conditions by LaDuca and co-workers. 59 The former was prepared from cobalt(II) nitrate {Co(NO 3 ) 2 ·6H 2 O} and HL and the latter 2 from nickel(II) thiocyanate {Ni(SCN) 2 } and HL. The chemical compositions and structures of our compounds were clearly confirmed by comparing their IR spectra, elemental analysis values, and X-ray structures with those in the literature. Consequently, despite the difference in starting metal compounds and synthetic methods, our compounds turned out to be identical to those prepared by the LaDuca's group.
To prepare a Pd-L coordination polymer, the layerdiffusion method was initially attempted by using HL and trans-[Pd(PhCN) 2 Cl 2 ]. However, the reaction gave only powder products whose colors depended on the amount of NaOH used: (i) a black powder in the larger amount of NaOH and (ii) a yellow powder in the smaller amount of NaOH. On the basis of these results, we decided to change the synthetic method from the layer-diffusion method to the microwave-heating method. The structures of compounds 1-4 tell us that the HL ligand has different coordination modes for the first-low metals (Co, Ni, Mn) and the second-row metal (Pd). For the relatively hard Co, Ni, and Mn metals, the HL ligand utilizes both its terminal groups to form 2D coordination polymers. By contrast, for the relatively soft Pd metal, it coordinates to the metal via the softer pyridyl terminal and its harder carboxylate terminal remains uncoordinated (Scheme 1).
Structure of a Polymeric Mn(II) Compound (3). Compounds 3 is isostructural with {[CuL
literature. An asymmetric of compound 3 is given in Figure 1 , which shows one-half Mn 2+ ion, one anionic ligand (L), and one aqua ligand. The local coordination environment of the Mn 2+ ion is given Figure 2 , which (Figure 4) . The O-H···O hydrogen bonds connect the 2-D frameworks to create a threedimensional network ( Figure 5 ).
To examine the thermal stability of compound 3, TGA (thermogravimetric analysis) was performed. The TGA curve displays two rather well-defined weight-loss steps. The first weight loss in the wide range of 132-190 ºC may be assigned to the elimination of the two aqua ligands (calculated: 10.0%; observed: 10.5%). The resulting framework appears to be stable from 190 to 303 ºC, above which it decomposes rapidly.
Structure of a Discrete Pd(II) Compound (4). The molecular structure of compound 4 with the atom-numbering scheme is shown in Figure 6 . Only half the molecule consisting of one half Pd(II) atom, one HL ligand, and one Cl ligand forms an asymmetric unit. The Pd atom lies on the crystallographic inversion center, and the remaining atoms occupy general positions. The coordination sphere of each Pd(II) atom can be described as square planar, with the HL ligands trans to each other. The molecular plane, PdN 2 Cl 2 , is perfectly planar due to its generation of the inversion operation.
The HL ligand is bonded to the Pd atom through the pyridyl terminal, and the carboxylate terminal is not. The bonding modes of the ligand contrasts with those found in compound 3, in which both its pyridyl and carboxylate terminals are bonded to the metal (Mn
2+
). Compound 4 may act as a secondary building unit for the preparation of d-f coordination polymers, because it has two uncoordinated carboxylate terminals available for bonding to the f-block metals. This synthetic strategy is currently under study. As a comparison, we recently reported a two-step synthetic route to Ag-4f coordination polymers by using the 4f-L complexes ( 
